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1. Culture conditions : Glucose (xylose) isomerase (EC 5.3.1.5) (GXI) is one of the key enzymes used in High Fructose Syrup (HFS) industry. The enzyme has many advantages over the chemical isomerization of dextrose. The enzyme is also used for isomerization reactions (xylose < => xylulose) involved in the production of ethanol, liquid fuel and other Pharmaceuticals (227). Among microbes, the enzyme is mainly produced by bacteria, streptomyces, yeasts and yeast-like organisms (7). No report of GXI production by fungi is documented except for Aspergillus oryzae (30). Almost all known GXIs except for two or three reports (24, 25, 89, 92), are intracellular enzymes and most of them, with a few exceptions (specific GI (8) and specific XI (25)), are non specific GXIs. Extracellular production of specific glucose and xylose isomerases by Chainia sp. was reported in 1983 from N.CL, Pune, India (25). This organism also produces an intracellular nonspecific GXI simultaneously. This raised a question about the identity of these three enzymes, which can be resolved only after an in depth study of all these enzymes. The characterization of the extracellular specific xylose isomerase has been carried out by Khire (92). In the present thesis, studies on the intracellular GXI are presented. The culture Chainia sp. was grown on modified Weber's medium. After 48 h of growth the enzyme was induced by incorporating induction solution in the medium. Maximum enzyme activity was obtained at 96 h after the induction. Maximum production for extracellular specific XI was also observed simultaneously. Other media studied for enzyme production were wheat bran (5 %) and yeast extract (1 %), boiled extract of wheat bran and yeast extract, alkali extract of wheat bran and yeast extract, acid extract of wheat bran and yeast extract, acid extract of wheat bran and Proflo or Pharmamedia (Buckeye Cellulose Corporation, USA), xylan and yeast extract, a medium containing sorbitol (medium i, Chapter III), and modified and unmodified Weber's medium. Acid hydrolysate of wheat bran gave good enzyme yield (248 u/ml). However, the results obtained had a batchwise variation and changed with the quality of wheat bran. Further, simultaneous production of XI was also not observed. Proflo and Pharmamedia gave almost similar yields (175 u/ml) as that of the modifed Weber's medium which was used for large scale enzyme production. The production of the enzyme was 1.5 folds more than the modified Weber's medium when xylan - yeast extract medium was used. The GXI production of 1166 u/ml was obtained in the sorbitol medium (medium ' i' , Chapter III) which was highest among all the media studies. However, the enzyme produced was highly unstable and lost its activity within 24 h even at -20?C. Weber's medium and modified Weber's medium both gave similar yields of the enzyme. The enzyme preparation obtained in Weber's medium was inactivated within 24 h. This may be because of the adsorption of enzyme on CaCO3 present in this medium. The modified Weber's medium gave a stable enzyme preparation with a simultaneous production of extracellular specific XI. Hence, for both intracellular GXI and extracellular XI production (92) modified Weber's medium was used. 
2. Extraction of the enzyme from cells : The enzyme was extracted from the cells using various mechanical and chemical methods such as sonication, abrasive griding, lysozyme treatment, toluene autolysis, freezing and thawing of cells and combination of the last two techniques. Thrice freezing and thawing of the cells followed by treatment with 2 % toluene at 60 C for 2 h gave 100 % liberation of the enzyme. This procedure thus obviates the need for sonication and can be used for large scale extraction of this industrially important enzyme. 
3. Purification of GXI : The enzyme was purified by employing following steps : (1) Concentration of the enzyme by ammonium sulphate precipitation (0-90 % saturation). The recovery was 96 %. (2) Preparative polyacrylamide rod gel electrophores?s, where the enzyme was purified to homogeneity with 230 fold purification and 76 % recovery of the enzyme activity. The specific activity attained was 8.08. (3) Ion exchange chromatography using DEAE-Cellulose (batchwise) was employed to remove the nonionic, nondialyzable acrylamide impurities which remained as impurities in the enzyme preparation after the preparative polyacrylamide gel electrophoresis. Recovery of the enzyme in this step was 61 %. (4) The remaining traces of polyacrylamide impurities were removed by gel filtration using Sephadex G-200. Recovery in this step was 91 %. The specific activity of the enzyme in the last two steps remained unchanged (~ 8.1). Final yield of the enzyme was 42 % with fold purification and a specific activity of 8.13. Purification of GXI by preparative polyacrylamide gel electrophoresis has been reported, here, for the first time. However, extracellular specific XI from the same organism was also purified by the same method. 4. Methods developed for enzyme characterization as well as purification : The enzyme obtained after the final step of purification was characterised using various stablished as well as newly developed techniques of protein analysis. Daring the course of this work, various techniques of protein purification/analysis were developed. (i) A simple device ?oy simultaneous two directional rod gel electrophoresis : This device provides the facility for running anodic as well as cathodic electrophoresis simultaneously either at the same pH or at two different pH values, thus giving a scan of total proteins in the broth. Moreover, simplicity, economy and local availability of the raw material are the important advantages of this device over the other commercially available models in which the electrophoresis can be performed only in one direction. (ii) Methods for in situ staining of glucose and xylose isomerase : The method for XI in situ staining facilitates detection of XI activity on the polyacrylamide gel in 3 min. The short span of this method prevents diffusion of protein bands which is helpful in the preparative PAGE. The method developed is a modification of the procedure described by Yamanaka (151) which takes considerable time. The method for GI detection is the first report of in situ staining using glucose isomerase activity as a probe. The method is based on the difference between the colours produced by aldosugars and ketosugars using Selwanoff's reagent. Keto hexoses give red colour and Ketopentoses give blue green colour. However, during the development of this in situ staining method, it was observed that the response given by Ketopentoses was very poor as compared to Ketohexoses. Hence, this method can be used as a specific method for glucose isomerase detection. (iii) Miniscale isoelectric focusing of proteins: The apparatus is handy, extremely simple, easily fabricable even in poorly equipped laboratories and no special cooling system, is required for the experiment. The method saves the amount of protein to be analysed as well as the quantity of costly ampholines required for analysis. Accuracy of the analysis is maintained. (iv) A simple method for gel drying and preservation: By this procedure the analytical slab gel, after staining, can be dried and filed parmanently. A water absorbing polymer prepared according to Vartak et al. was used to dry the gel. This method is advantageous over the commercially available gel drying units. It does not require special heating system, vacuum system, electric supply, timer etc. Interruption in vacuum even for a few second shatters the gel in the commercial models. This danger is avoided in the simple method developed. All these techniques developed were also used during purification of GXI from Chainia sp. 5. Enzyme Characterization : The enzyme (GXI) showed a molecular weight of 1,58,000 daltons and consisted of 4 equal subunits of 40,700 daltons each. The observations are similar to the GXI from S. albus YT-5 (108) having 4 subunits with a total molecular weight of 1,57,000 and to the GXI from A. olivocinareus, (131), comprising of 4 subunits of 42,000 daltons each contributing to a total molecular weight of 1,60,000 daltons. The extracellular XI from Chainia sp. is a single polypeptide chain of 71,200 daltons. The similarity of the subunits of GXI from Chainia sp. was further confirmed by the manual N-terminal sequence analysis where at the end of every cycle of analysis, TLC, projected a single amino acid residue. The N-terminal sequence of NH2- Arg-His-Ala-Gly-Ser-Ala-His-Thr-Phe -- was found to be common for all four subunits. The N-terminal sequences reported for two other GXIs are from S. albus (130) a nd S griseofucus (160a) and are NH2-Met-Tyr-Gln-Pro- and NH2-Ser-Asp-Gln, respectively. It is noteworthy that there exists no similarity in the N-terminal sequences of the GXI from Chainia sp._,S_. albus and S_. griseofucus. Amino acid analysis of the enzyme shows the presence of 1,364 residues with a total'molecular weight of 1,61,298 daltons which is in agreement with the results obtained from the gel filtration analysis data (total Mr = 1,58,000 daltons). Similar to the other GXIs whose amino acid compositions are reported, this enzyme is also devoid of Cys residue. Predominance of hydrophobic and acidic amino acids over basic ones observed in Chainia sp. GXI also is a common characteristic of other reported enzymes (164). The isoelectric point (pI) of the enzyme was found to be 4.0. The pI of extracellular XI from the same agranism is 3.8. The enzyme was stable between pH 5.0 to 9.0 in + 2 the presence of 5 mM Mg+2 The enzyme was stable, when tested for 10 min at different temperatures, up to 60 C in the presence of only Mg+2 (5 mM) and upto 75 C in the presence of both Mg+2 and Co (5 mM each). The optimum pH of the enzyme like most of the intracellular enzymes was 7.5 i.e. around neutrality. The optimum temperature was 75 C which is similar to that of the enzyme from Streptomyces sp. S 41-10 (58). The extracellular XI from, Chainia sp. has an optimum temperature of 60 C, an optimum pH of 9.5 and activation energy of 38.4 Kcals/mole whereas the activation energy for GXI was found to be 50.5 Kcals/mole. The enzyme, among various sugars analysed, catalyses the isomerization of only D-glucose and D-xylose. Table 1.3 gives a brief account of the substrate specificties of other GXIs reported. The Km for both glucose and fructose, was same (0.59 M), and for xylose it was very low (0.008 M) indicating that D-xylose is the natural (or favoured) substrate of the enzyme. Tris, , Hg+2, Cu+2, Ca+2, CTAB, Triton X-100, NP- 40, sorbitol and xylitol inhibited the enzyme activity. Hg+2 and Cu+2 inhibited the enzyme even at a concentration of 5 mM in the reaction mixture. Ca+2 , CTAB, Triton X-100 and NP-40 inhibited the enzyme by 60 %, 86.8 %, 46 % and 36 %,, respectively. Ki for sorbitol and xylitol was 0.018 M and 0.006 M, respectively. Xylose isomerization activity of the enzyme was inhibited in the presence of fructose. Diethylpyrocarbonate (DEP) modification of the enzyme protein inhibited both, GI and XI, activities of the enzyme. Thus, presence of a common active site for both glucose and xylose can not be ruled out. For detection of the essential amino acid residue at the enzyme active site, various reagents were used. Only DEP inhibited the enzyme suggesting the possibility of the involvement of histidine as the essential amino .acid residue. Further, substrate protection studies, reversal of enzyme activity by hydroxylamine and pKa value of 7.1 confirmed the presence of histidine as the essential residue for catalysis. The kinetic studies showed that there are, at least, two histidine residues responsible for the enzyme activity. Quite recently in 1988, Vangrysperre has also reported the presence of histidine as an essential residue in GXI. Enzyme preparation was more stable than the soluble enzyme. Use of Co in the reaction mixture for glucose isomerization is not desirable. Hence, attempts were made to exclude Co from the reaction mixture. Delection of Co+2 decreased the activity to 40 %, and increasing the Mg+2 concentration could not restore the enzyme activity. The results were similar to those for soluble enzyme. Delection of Mg +2 from the reaction mixture gave only 11 % activity for the immobilized enzyme where as the soluble enzyme showed 27 % of its original activity in the absence of Mg +2 . Increasing concentration of Co in the reaction mixture showed no restoration of enzyme activity. The Km value determined for the immobilized enzyme using glucose as the substrate was 0.24 M while that for soluble enzyme was 0.17' M which shows that the enzyme substrate affinity is reduced by immobilization. The Ki for sorbitol and xylitol for the immobilized form of the enzyme was found to be 0.025 M (against 0.01& M for soluble form) and 0.015 M (against 0.006 M for the soluble form), respectively. 


